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RD

WCO

RBDO

, 

 نه بدترين حالت يک و بهينه کلاسي. طراحي به1شكل 

 

 

 𝑈(𝑥0) = {𝜉 ∈ 𝑅
𝑛: 𝑥0 − ∆≤ 𝜉 ≤ 𝑥0 + ∆}

∆𝑥0

n

𝑈(𝑥0) = {𝜉 ∈ 𝑅
𝑛: (𝜉 − 𝑥0)

𝑇(𝑄−1)2(𝜉 − 𝑥0) ≤ 1}

𝑄 = 𝑘𝑑𝑖𝑎𝑔(𝜎𝑖)k

k

k=2

 

 WCO(O_WCO )

 WCO(W_WCO ) 

 WCO(G_WCO ) 

WCO

𝑚𝑖𝑛
𝑥
𝑚𝑎𝑥
𝜉∈𝑈(𝑥)

𝑓(𝜉)

𝑠. 𝑡. max
𝜉∈𝑈(𝑥)

𝑔𝑖(𝜉) ≤ 0,        𝑖 = 1,… ,𝑚 

WCOO_WCO
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2𝑝

WCO

 

 
 ن حالتيبدتر يساز نهي. روند به2شكل 

WCO(WWCO)steiner

𝑈(𝒅)

WWCO

2p

,

 𝑥𝑤 = 𝑥 +

{
 
 

 
 
𝑠𝑖𝑔𝑛(𝑓(𝑥 + ∆1) − 𝑓(𝑥 − ∆1))∆1

.

.

.
𝑠𝑖𝑔𝑛(𝑓(𝑥 + ∆𝑛) − 𝑓(𝑥 − ∆𝑛))∆𝑛

𝑚𝑎𝑥
𝜉∈𝑈(𝑥)

𝑓(𝜉) ≅ 𝑓(𝑥𝑤)

𝑚𝑎𝑥
𝜉∈𝑈(𝑥)

𝑔
𝑖
(𝜉) ≅ 𝑔

𝑖
(𝑥𝑤,𝑖) 

𝑚𝑖𝑛
𝑥∈𝑆

𝑓(𝑥𝑤)

𝑠. 𝑡.     𝑔
𝑖
(𝑥𝑤,𝑖) ≤ 0 

 WWCOن حالت روش يبدتر يساز نهي. روند به3شكل 

 

x

GWCO

𝑓(𝜉) = 𝑓(𝑥) + ∇𝑓(𝑥). (𝜉 − 𝑥)

+
1

2
(𝜉 − 𝑥)𝐻(𝑥)(𝜉 − 𝑥) ∀𝜉 ∈ 𝑈(𝑥) 

𝛻𝑓(𝑥)𝐻(𝑥)𝑓(𝑥)

𝑓

𝒙
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𝑓(𝜉) ≈ 𝑓(𝑥) + ∇𝑓(𝑥). (𝜉 − 𝑥)

≤ 𝑓(𝑥)

+ ‖∇𝑓(𝑥)‖. ‖𝜉 − 𝑥‖

≤ 𝑓(𝑥) + ‖∇𝑓(𝑥)‖. max
𝜉∈𝑈(𝑥)

‖𝜉 − 𝑥‖      ∀𝜉

∈ 𝑈(𝑥)

𝑚𝑖𝑛
𝑥∈𝑆

𝑓
𝑤
(𝑥) 

𝑠. 𝑡.     𝑔
𝑤
(𝑥) ≤ 0 

𝑓
𝑤
(𝑥) = 𝑓(𝑥) + ‖∇𝑓(𝑥)‖. max

𝜉∈𝑈(𝑥)
‖𝜉 − 𝑥‖

𝑔
𝑤
(𝑥) = 𝑔(𝑥) + ‖∇𝑔(𝑥)‖. max

𝜉∈𝑈(𝑥)
‖𝜉 − 𝑥‖ 

 GWCOن حالت روش يبدتر يساز نهي. روند به4شكل 

(Epistemic)

(Aleatory) 

,
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   x

       

 : 

 𝛽1 =
𝜇3
2

𝜇2
3   𝛽2   =  

𝜇4
𝜇2
2 

𝜇1𝜇4x

𝛽1𝛽2

(𝛽1,  𝛽2)

 ع جانسونين توزييتع يبرا ي. منطقه بند5شكل 

.

,

Bebrotat
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RDO

RBDO WCO

P

Px

,

𝑓(𝑥𝑖|𝑝) = 𝑓(𝑥1, … , 𝑥𝑛|𝑝)

= 𝑓(𝑥1|𝑝)…𝑓(𝑥𝑛|𝑝)

L(P)

 P=p*

f(xi|p)

PP*

P

f(xi|p) 

P

P

log(𝐿(𝑃) = log∏𝑓(𝑥𝑖|𝑃)

𝑛

𝑖=1

=∑log 𝑓(𝑥𝑖|𝑃)

𝑛

𝑖=1

P

𝐿(𝑃) ∝∏𝑓(𝑥𝑖|𝑃)

𝑛

𝑖=1

P

MLE

𝐿(𝜇, 𝜎) =∏
1

√2𝜋𝜎

𝑛

𝑖=1

𝑒−
1
2(
𝑥𝑖−𝜇
𝜎 )

2

log(𝐿(𝜇, 𝜎)) =∑ log

𝑛

𝑖=1

(
1

√2𝜋𝜎
𝑒
1
2
(
𝑥𝑖−𝜇
𝜎
)
2

) =

−𝑛log√2𝜋 − 𝑛log𝜎 −
1

2
∑(

𝑥𝑖 − 𝜇

𝜎
)
2

𝑛

𝑖=1
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𝐿𝑜𝑔(𝐿(𝛿, 𝛾, 𝜉, 𝜆)) = 𝑛log𝛿 − 𝑛log√2𝜋 −∑log

𝑛

𝑖=1

(
𝑥𝑖 − 𝜉

𝜆
)

−∑log

𝑛

𝑖=1

(
𝜆 − 𝑥𝑖 − 𝜉

𝜆
) −

1

2
∑[𝛾 + 𝛿log (

𝑥𝑖 − 𝜉

𝜆 − 𝑥𝑖 − 𝜉
)]

𝑛

𝑖=1

2

x

RDORBDO

FORMSORM

PDF

CDF

𝑚𝑎𝑥
𝑃
(𝐿𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 𝐹𝑢𝑛𝑐𝑡𝑖𝑜𝑛) 

ξλ

ξ𝜉 + 𝜆

𝜉 = 𝑚𝑖𝑛
 
{𝑎𝑖} 

λ = max
 
{bi} − min

 
{ai} 

xi

xi

𝐦𝐢𝐧
𝑥
(𝐦𝐚𝐱(𝑓(𝑥|𝑃) = log(𝐿(𝑥|𝑃))

𝑝
)

𝒔. 𝒕.    𝑙𝑏𝑖 ≤ 𝑥𝑖 ≤ 𝑢𝑏𝑖           𝑓𝑜𝑟𝑖 = 1,2, . . . . , 𝑛

dz

 

 z
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Zl

Zu𝜇𝑧

, 

: 

RCS

CentaurSoyuz 

TMA-M

 

 يشنهادين حالت پينه بدتريتم بهي. الگور6شكل 
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,

HTP

 HTP [27] يا ک تراستر تک مؤلفهي يکل ي. شما7شكل 

2𝐻2𝑂2
𝐶𝑎𝑡𝑎𝑙𝑦𝑠𝑡
→     2𝐻2𝑂(𝑔) + 𝑂2(𝑔)        ( )

 

H2O2

x

𝑥𝐻2𝑂2 + (1 − 𝑥)𝐻2𝑂
𝐶𝑎𝑡𝑎𝑙𝑦𝑠𝑡
→     𝐻2𝑂 +

𝑥

2
𝑂2

 دروژنيد هيپراکس يكيزيف -ييايميش . خواص1جدول 

K

𝛄

(
𝑲𝒈

𝒎𝟑
)

 

𝑀𝑡𝑜𝑡𝑎𝑙

= (
𝑀𝑡𝑎𝑛𝑘𝑓 + 𝑀𝑝𝑔𝑡𝑓

+ 𝑀𝑔0𝑓
+ 𝑀𝑓 + 𝑀𝑐𝑦𝑙

+𝑀𝑐𝑎𝑝 + 𝑀𝑛𝑜𝑧𝑧𝑙𝑒 + 𝑀𝑐𝑡𝑙 + 𝑀𝑝𝑔
)

𝑀𝑡𝑎𝑛𝑘𝑓

𝑀𝑝𝑔𝑡𝑓
𝑀𝑔0𝑓

𝑀𝑓𝑀𝑐𝑦𝑙

𝑀𝑐𝑎𝑝𝑀𝑛𝑜𝑧𝑧𝑙𝑒𝑀𝑐𝑡𝑙

𝑀𝑝𝑔
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 نمونه يها . داده2جدول 

b
ar

(s
)

(g
r)

(N
)

 

 

  M005HP

M
ic

ro
-A

 
   M010HP

   M050HP

   M100HP

 PD015

G
en

er
al

 K
in

et
ic

s 
In

c

 ED007

PD006

---PD023

80-PD006

---PD033

--
ARC 

Seibersdorf

-
 Fotec

-Kuan et al.

 

 

 نازل يو خروج يا وروديزوا يها . داده3جدول 

[61.6,61.8][60.3,60.5] [59.0,59.2] [60.5,60.7] 

𝜽𝒊𝒏 

[59.4,59.6][60.1,60.3] [60.9,61.1] [60.6,60.8] 

[58.0,58.2] [60.7,60.9] [58.5,58.7] [61.5,61.7] 

[61.2,61.4] [58.2,58.4] [59.9,60.1] [59.6,59.8] 

[59.6,59.8] [61.7,61.9] [59.1,59.3] [60.6,60.8] 

[14.7,14.9] [14.3,14.5] [15.1,15.3] [15.4,15.6] 

𝜽𝒐𝒖𝒕 

[14.7,14.9][14.8,15.0] [14.7,14.9] [15.2,15.4] 

[15.3,15.5] [14.4,14.6] [14.9,15.1] [15.2,15.4] 

[14.5,14.7] [14.7,14.9] [15.1,15.3] [14.9,15.1] 

[15.8,16.0] [14.1,14.3] [15.0,15.2] [14.3,14.5] 

 

[𝛾, 𝛿, 𝜉, 𝜆]𝑖𝑛 = [0.1271, 0.2295, 58, 3.9] 

[𝛾, 𝛿, 𝜉, 𝜆]𝑜𝑢𝑡 = [−0.1658, 0.1993, 14.1, 1.9]

 

[𝜇deg _𝑖𝑛,  𝜎deg _𝑖𝑛] = [59.7665, 1.5780]

[𝜇deg _𝑜𝑢𝑡 ,  𝜎deg _𝑜𝑢𝑡] = [15.1670, 0.7882] 
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CSA

GRASP

CSA

 

 ع جانسونيه ورود نازل با توزيزاو يبرا ي. نمودار احتمال تجمع8شكل 

 ع جانسونيه خروج نازل با توزيزاو يبرا ي. نمودار احتمال تجمع9شكل 

 [31شده در مقالات] ييشناسا يستي. نمودار بار بستر کاتال10شكل 

 يستيبار بستر کاتال يها . داده4جدول 

𝐋𝐟

[𝛾, 𝛿, 𝜉, 𝜆] = [−0.0478,0.7916,199.1,1.810]

[𝜇𝐿𝑓,  𝜎Lf] = [200.0261, 0.4418]

 ع جانسونيبا توز يستيبار بستر کاتال يبرا ي. نمودار احتمال تجمع11شكل 

Isp
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Isp

WCO

HTP

𝜇𝑒

MR-80BMR-111E

𝐴𝑒 𝐴
∗ = [16.2 200]⁄

𝛾 = [1.2727, 1.3439] 

𝛾

(
𝐴𝑒

𝐴∗
)
2

=  
1

𝑀2
[
2

𝛾 + 1
(1 +

𝛾 − 1

2
𝑀2)]

𝛾+1
𝛾−1

𝜇𝑒 = [3.9251,7.1941]

ATK

 Centaur

Atlas

𝑅𝑝𝑔𝑡 = [10, 615]

𝑑∗ = argmin
𝑑

(max
𝜇𝑧
(𝑀𝑎𝑠𝑠𝑤(𝑑, 𝜇𝑧))

𝑠. 𝑡.   𝐼𝑠𝑝min ≤ 𝐸(𝐼𝑠𝑝𝑤(𝑑, μ𝑧)) ≤ 𝐼𝑠𝑝max 

𝐸𝑥𝑝min ≤ 𝐸(𝐸𝑥𝑝𝑤(𝑑, μ𝑧)) ≤ 𝐸𝑥𝑝max
𝑃𝑐min ≤ 𝑃𝑐𝑖 ≤ 𝑃𝑐max
𝑅𝑝𝑔𝑡min ≤ 𝑅𝑝𝑔𝑡 ≤ 𝑅𝑝𝑔𝑡max 

Conmin ≤ Con ≤ Conmax
𝐿𝑓
min
≤ 𝐿𝑓 ≤ 𝐿𝑓

max

𝑀𝑒min ≤ 𝑀𝑒 ≤ 𝑀𝑒max
𝑇ℎ𝑟𝑢𝑠𝑡min ≤ 𝑇ℎ𝑟𝑢𝑠𝑡 ≤ 𝑇ℎ𝑟𝑢𝑠𝑡max
𝑡𝑏𝑢𝑟𝑛min ≤ 𝑡𝑏𝑢𝑟𝑛 ≤ 𝑡𝑏𝑢𝑟𝑛max
dx − kσx ≤ ξx ≤ dx + kσx

→ 𝑥 = {𝑃𝑐, 𝑅𝑝𝑔𝑡,𝑀𝑒},

z = {𝐶𝑜𝑛, 𝐿𝑓, 𝑇ℎ𝑟𝑢𝑠𝑡, 𝑡𝑏𝑢𝑟𝑛, 𝐷𝑒𝑔𝑖𝑛, 𝐷𝑒𝑔𝑜𝑢𝑡}

 

WCO
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fmincon

 کيتم ژنتيالگور يم پارامترهاير تنظي. مقاد5جدول 

TolCon TolFunCrossFractionPopSize

1e-51e-30.850

MutFcn InitPopGenerationsMigFraction

gaussian[3,0.1,6]3000.2

MigDirect EliteCountCrossFcnSelectFcn

forward0.05*PopSizescattered
Stochastic 

uniform

 

WCO

 مختلف يها وزن ير حاصل به ازاي. مقاد6جدول 

ClassicG_WCO W_WCOO_WCO

 Mass(Kg)

 Massw(Kg)

Isp(Sec)

Ispw1(Sec)

Ispw2(Sec)

𝑨𝒆 𝑨
∗⁄

(𝑨𝒆 𝑨
∗⁄ )𝒘𝟏

(𝑨𝒆 𝑨
∗⁄ )𝒘𝟐

 evaluations

WCO

WWCOGWCOWWCO

GWCO

GWCO
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WWCO

[𝑥0±∆]

±∆

OWCO

WWCO

GWCO

WWCO

OWCO

GWCO

 ير حاصل از طراحي. مقاد7جدول 

𝑹𝒑𝒈𝒕
(m) 

𝒑
𝒄
 

(bar)
Isp(s) 

(Kg)
 

 O_WCO

W_WCO

G_WCO

𝒕𝒃(s)(N) 𝝁
𝒆

 

𝛾𝑇𝑐 (K) 
(Kg)(

𝐾𝑔

𝑠
) 

H2O2 

 

 

 

 
(deg)(deg)

Lengine(m)𝑅
∗
(m) Re(m) 𝑀𝑝𝑟𝑜𝑝

 

[1] Yao, Wen, Xiaoqian Chen, Wencai Luo, Michel 

Van Tooren, and Jian Guo. (2011). “Review of 

uncertainty-based multidisciplinary design 

optimization methods for aerospace 

vehicles” Progress in Aerospace Sciences 47, no. 

6 (2011): 450-479. 

[2] Fatehi, Mohammad, “Reliability Based Robust 

Design Optimization of Satellite Orbital Transfer 

System” (Phd Dissertation Proposal, Shahid 

Beheshti University, 2019.) 

[3] Ren, Ziyan, Minh-Trien Pham, and Chang Seop 

Koh. “Robust global optimization of 

electromagnetic devices with uncertain design 

parameters: comparison of the worst case 

optimization methods and multiobjective 

optimization approach using gradient index” 

IEEE Transactions on Magnetics 49, no. 2 

(2013): 851-859. 

[4] Steiner, Gerald, Andreas Weber, and Christian 

Magele”Managing uncertainties in 

electromagnetic design problems with robust 

optimization.” IEEE transactions on magnetics 

40, no. 2 (2004): 1094-1099. 

[5] Fatehi, Mohammad, “Robust Design 

Optimization of launch Vehicle Upper-Stage”. 

(MSc thesis.2017) 

[6] Oberkampf WL, Helton JC, Joslyn CA, 

Wojtkiewicz SF, Ferson S, “Challenge Problems: 

uncertainty in system response given uncertain 



 

 191 1399دوم، پاییز و زمستان  ههم، شمارسال ت
 

شته
ز ک

رو
 به

ی،
وع

طل
ضا 

لیر
، ع

حی
فات

د 
حم

م
گر

 

parameters”, Reliability Engineering and System 

Safety, 85 (2004) 11-19. 

[7] Fersona S, Joslyn CA, Helton JC, Oberkampf 

WL, Sentz K. “Summary from the epistemic 

uncertainty workshop: consensus amid diversity”. 

Reliability Engineering and System Safety 2004; 

85(1-3): 355- 369. 

[8] Johnson N.L, Kotz S. and Balakrishnan N. 

(1994). “Continuous Univariate Distributions”, 

volume 1 and volume 2 (1994). 

[9] DeBrota, Swain, Roberts, Venkataraman, ,”Input 

modeling with the Johnson System of 

distributions”, (1988). 

[10] Snedecor, George W. and Cochran, William G., 

“Statistical Methods”, Iowa State University 

Press. (1989). 

[11] Monaco, Jeffrey F., et al. “Automated Methods 

to Calibrate a High-Fidelity Thrust Deck to Aid 

Aeropropulsion Test and Evaluation.” ASME 

Turbo Expo 2008: Power for Land, Sea, and Air. 

American Society of Mechanical Engineers, 

(2008). 

[12] Modisette, Jason P. “Maximum Likelihood 

Approach to State Estimation in Online Pipeline 

Models.” 2012 9th International Pipeline 

Conference. American Society of Mechanical 

Engineers, (2012). 

[13] Xiao, Jie, and Bohdan Kulakowski. “Hybrid 

genetic algorithm: A robust parameter estimation 

technique and its application to heavy duty 

vehicles.” Journal of dynamic systems, 

measurement, and control 128.3 (2006): 523-531. 

[14] Fisher R A “On the probable error of a 

coefficient of correlation deduced from a small 

sample”, Metron, (1921)  1:3-32 

[15] Haldar, A., Shankar Mahadevan, “Probability, 

reliability, and statistical methods in engineering 

design”, John Willey & Sons. Inc., New York 

(2000). 

[16] Dey, Prithbey Raj. "Robust and reliability-based 

design optimization under epistemic uncertainty." 

(2015). 

[17] Zaman, Kais, et al. "Robustness-based design 

optimization under data uncertainty." Structural 

and Multidisciplinary Optimization 44.2 (2011): 

183-197. 

[18] Sankararaman S, Mahadevan S (2011) 

“Likelihood-based representation of epistemic 

uncertainty due to sparse point data and/or 

interval data”, Reliability Engineering and System 

Safety, 96 (2011) pp. 814-824. 

[19] Zaman, Kais, and Prithbey Raj Dey. 

"Likelihood-based representation of epistemic 

uncertainty and its application in robustness-

based design optimization.” Structural and 

Multidisciplinary Optimization (2017).  

[20] Nosratolahi , Basohbat Novinzadeh, Zakeri, 

Bemani, Emadi Noori. “Integrated Design of 

Orbital Transfer Block in an Optimized and 

Multistep Converged Environment”,JSST,(2016). 

[21] Hammond, Walter Edward. “Design 

methodologies for space transportation systems”. 

AIAA, 2001. 

[22] Adami, Amirhossein, Mahdi Mortazavi, and 

Mehran Nosratollahi. "Multidisciplinary Design 

Optimization of Hydrogen Peroxide 

Monopropellant Propulsion System using GA and 

SQP." International Journal of Computer 

Applications 113.9 (2015). 

[23] Nosratollahi, Fatehi, Adami, “Multidisciplinary 

Design Optimization of Hydrazine 

Monopropellant Propulsion System for Attitude 

Control of an Upperstage by GA”.3rd National 

and First International Conference in applied 

research on Electrical, Mechanical and 

Mechatronics Engineering.(2015). 

[24] Tajmar, Martin. “Advanced space propulsion 

systems”. Springer Science & Business Media, 

(2012). 

[25] Dieter K., and David H. Huang. “Modern 

engineering for design of liquid-propellant rocket 

engines”. Vol. 147. AIAA, 1992. 

[26] Fatehi, Mohammad, Mehran Nosratollahi, 

Amirhossein Adami, and SM Hadi Taherzadeh. 

“Designing Space Cold Gas Propulsion System 

using Three Methods: Genetic Algorithms, 

Simulated Annealing and Particle 

Swarm”International Journal of Computer 

Applications 118, no. 22 (2015). 

[27] Krejci, David, et al. "Structural impact of 

honeycomb catalysts on hydrogen peroxide 

decomposition for micro propulsion." Chemical 

Engineering Research and Design 90.12 (2012) 

[28] Huzel, Dieter K., and David H. Huang. “Modern 

engineering for design of liquid-propellant rocket 

engines”. Vol. 147. AIAA, 1992. 

[29] Adami, Amirhossein, Mahdi Mortazavi, and 

Mehran Nosratollahi. "Multidisciplinary Design 

Optimization of Hydrogen Peroxide 

Monopropellant Propulsion System using GA and 

SQP." International Journal of Computer 

Applications 113.9 (2015). 

[30] Sutton, George P., and Oscar Biblarz. “Rocket 

propulsion elements”. John Wiley & Sons, 

(2010).  

[31] Amri, Redha, D. Gibbon, and T. Rezoug. "The 

design, development and test of one newton 

hydrogen peroxide monopropellant thruster." 

Aerospace Science and Technology25, no. 1 

(2013): 266-272.  

[32] Chiasson, Thomas Michael. "Modeling the 

Characteristics of Propulsion Systems Providing 

Less Than 10 N Thrust." (PhD diss., 

Massachusetts Institute of Technology, 2012). 

[33] General Kinetics Inc. Monopropellant Thruster 

Datasheet. 

[34] Micro Aerospace Solution Monoperopellant 

Datasheet. http://www.micro-a.net/thrusters-

tmpl.html 



  

 هوافضا يدانش و فناورنشریة علمي  192
 

ش
ران

یش
ل پ

نتر
ه ک

مان
سا

نه 
بهی

ی 
راح

ط
 

لفه
مؤ

ک 
ت

 ای
ب 

آ
ژنه

سی
اک

 
ت 

طعی
م ق

عد
ت 

تح
ره 

هوا
 ما

ری
مدا

ل 
تقا

ه ان
مان

سا
ک 

ی ي
برا

 

[35] McRight, Patrick, et al. “Confidence testing of 

Shell-405 and S-405 catalysts in a 

monopropellant hydrazine thruster”. 41st 

AIAA/ASME/SAE/ASEE Joint Propulsion 

Conference & Exhibit. (2005). 

[36] Sutton, George P., and Oscar Biblarz. “Rocket 

propulsion elements”. John Wiley & Sons, 

(2016). 

[37] Taylor, Travis S. “Introduction to rocket science 

and engineering”. CRC Press, 2009. 

[38] Wernimont, Eric. "System trade parameter 

comparison of monopropellants: hydrogen 

peroxide vs hydrazine and others." In 42nd 

AIAA/ASME/SAE/ASEE Joint Propulsion 

Conference & Exhibit, p. 5236. 2006. 

[39] Davis, Noah S., and John H. Keefe. 

"Concentrated hydrogen peroxide as a 

propellant." Industrial & Engineering 

Chemistry48, no. 4 (1956): 745-748. 

[40] http://www.psi-pci.com/Pressurant_Tanks.htm. 

 

                                                            
1. Robust Design 

2. Worst Case Optimization 

3. Reliability-Based Design Optimization 

4. hyper-ellipsoid 

5. Original _Worst Case Optimization 

6. Worst-vertex-based Worst-Case Optimization 

7. Gradient-based Worst-Case Optimization 

8. Robust Design Optimization 

9. Reliability Based Design Optimization 

10. Maximum Likelihood Estimation 

11. First Order Reliability Method 

12. Second Order Reliability Method 

13. Probability Density Function 

14  . Cumulative Distribution Function 

15  . Reaction Control Systems 

16  . High-Test Peroxide 

17  . Cross Sectional Area 

18  . Green Advanced Space Propulsion 


